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論文内容の要旨
When cucumber (Cucumis sativus) seeds germinate in a horizontal position, a unique form of 
gravimorphogenesis occurs: a peg or protuberance forms on the lower side of the transition zone 
between the root and hypocotyl. The peg serves to anchor the seed coat so that the elongating 
hypocotyl pulls the cotyledons out of the seed coat. By contrast, when cucumber seeds germinate in 
a vertical position with the radicle pointing down , or under microgravity conditions in space, the 
seedlings develop a peg on both sides of the transition zone. Thus, unilateral peg formation during 
horizontal germination has been proposed as a gravity response that suppresses peg formation on 
the upper side. 
Previous studies have revealed that peg suppression on the upper side is related to a decrease in 
auxin. Studies of the e仔écts of auxin transpo吋 inhibitors suggest that lateral auxin transport is 
required for the differential decrease in the auxin level on the upper side of cucumber seedlings 
grown in a horizontal position. In recent studies, plasma membrane-Iocalized efflux proteins of the 
PIN-FORMED (PIN) proteins have been identified as essential regulators that establish auxin 
concentration gradients in plant tissues and induce plant pa抗erning in response to environmental 
stimulation. Thus, we could investigate the auxin transpoは route in plant organs by analyzing the 
intracellular localization of PIN proteins. The gravity-sensing tissue responsible for regulating auxin 
distribution in the transition zone is thought to be composed of endodermal cells, and CsPIN1 mRNA 
is expressed in the endodermis of the transition zone. Thus, to address the elusive regulatory 
mechanism of lateral auxin transpo吋 in the transition zone, I focused on CsPIN1 protein byanalyzing 
its localization in the transition zone using immunohistochemical methods. 
I first investigated the amino acid sequence around the putative tyrosine motif (NPNTY) of CsPIN1 , 
which is a signal for recruitment of proteins into clathrin-coated vesicles and for the determination of 
intracellular localization. The result showed that CsPIN1 has a sequence that could be potentially 
involved in its localization to the plasma membrane, as shown before for PIN1 ・type proteins in 
Arabidopsis, suggesting that CsPIN1 localizes to the plasma membrane to transport auxin laterally in 
the transition zone upon gravistimulation. Second, to clarify the localization of CsPIN1 protein in the 
transition zone, polyclonal antibodies of CsPIN1 were made. To examine the specificity of the 
polyclonal antibodies of CsPIN1 , recombinant proteins containing regions equivalent to the CsPIN1 
antigen were produced based on sequences from CsPIN3, CsPIN4, CsPIN5, or CsPIN6 to determine 
whether they reacted with the polyclonal antibodies of CsPIN1. The western blot results indicated that 
the CsPIN1 polyclonal antibodies did not react with the other CsPINs that were expressed in the 
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transition zone of cucumber seedlings. When proteins from the microsomal fraction of the transition 
zone of cucumber seedlings were tested, the CsPIN1 antibodies detected a primary single band of 
67.3 kD, which is the predicted molecular size of the CsPIN1 protein. From these experiments, I 
showed that the CsPIN1 antibodies specifically detect CsPIN1 in the transition zone of cucumber 
seedlings. Next, using this polyclonal antibody, localization of auxin efflux facilitator CsPIN1 in the 
transition zone of cucumber seedlings was investigated, and the role of CsPIN1 in lateral IAA 
transport in the transition zone was discussed. Immunohistochemical analysis of CsPIN1 proteins 
revealed that the CsPIN1 is expressed in the endodermal cells of the transition zone, and the 
localization pattern of CsPIN1 in horizontally-oriented plants differed from that of vertically-oriented 
plants. When seedlings were grown in a vertical position, the CsPIN1 signals were detected on the 
lateral inner side of the endodermal cells, and signal intensities were almost equal between the two 
sides of the transition zone. When cucumber seedlings were grown in a horizontal position, much 
stronger CsPIN1 signals were detected in the lateral inner side of the endodermal cells in the upper 
side of the transition zone compared to the endodermal cells in the lower side. Gravistimulation for 30 
min induced changes in the accumulation pattern of CsPIN1 protein in the endodermis and also 
induced an asymmetric distribution of auxin in the transition zone. In addition, 2 ， 3 ， 5・triiodobenzoic
acid (T旧A) inhibited the differential distribution of auxin and suppressed changes in the accumulation 
pattern of CsPIN1 in the endodermis of the transition zone during gravistimulation. These results 
suggest that the altered pattern of CsPIN1 accumulation in the endodermis in response to 
gravistimulation influences lateral auxin transport through the endodermis, resulting in an asymmetric 
auxin distribution in the transition zone. 
A space flight experiment was conducted to clarify whether gravity is essential for the patterning of 
CsPIN1 accumulation in the endodermis. The results showed that gravistimulation induced changes 
in the pattern of CsPIN1 accumulation that occurred in a microgravity experiment, thus demonstrating 
that the regulation of CsPIN1 accumulation is really the gravity response. These results provide a 
novel insight into the gravity-dependent regulation of CsPIN1 localization and are consistent with the 
model of how lateral auxin transport in the transition zone determines the lateral placement of peg 
formation. 
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論文審査結果の要旨
ウリ科植物の芽生えは、発芽直後に重力刺激に応答し、匹軸と根の境界領域にベグと呼ばれる突
起を形成する。すなわち、種子を垂直に置いて発芽させると境界領域の両側に 2 つのペグを形成す
るが、種子を水平置きにして発芽させると境界領域の下側にのみ 1 つのペグを形成する。キュウリ種
子を微小重力下で、発芽させると、芽生えの境界域の両側に 1 つずつペグが形成されることから、キュ
ウリ芽生えは重力非依存的に境界域の両側に 1 個ずつのベグ、を形成する能力を持つが、 Ig 環境下
で種子を水平に置いて発芽させた場合、重力刺激に応答して境界域の上側におけるべグ形成が抑
制されると考えられた(重力による形態形成のネガティプコントロール)。植物ホルモンのオーキシンの
添加により、水平に発芽させたキュウリ芽生えの境界域の上側にもペグ形成が誘導されることから、オ
ーキシンはベグ形成を誘導していると考えられる。そして、オーキシン排出キャリアの阻害剤で、ある
TIBA (2 ,3,5-triiodobenzoic acid)、あるいは HFCA (9-h)寸oxyfluorene-9-carboxylic) 処理により、境
界域の上側にもペグ形成が誘導されることから、重力刺激に応答したペグの形成面の決定には、境
界域の上側で、のオーキシン排出キャリアの活性化がベグ形成の抑制に重要な役割を担うと考えられ
る。そこで、本研究では、重力刺激に応答したオーキシン分布の制御機構を明らかにするため、重力
感受細胞であると考えられる内皮で発現しているオーキシン排出キャリア CsPINl の局在の重力応答
性を解析した。
抗 CsPINl 抗体を用いた免疫組織化学的解析の結果、重力刺激を受ける前のキュウリの芽生えで、
は、 CsPINl は内皮細胞の維管東側に局在しているが、重力刺激によって境界域の上側の内皮細胞
で、下側に局在を変えることを見出した。本研究結果から、境界領域上側では内皮細胞から下側によ
り多くのオーキシンが排出されることで、境界領域上側のオーキシン量が減少し、上側でのペグ形成
を抑制するモデ、ルを提唱するにいたった。さらに、本研究結果から、重力刺激を受けた境界域では、
内皮層を通って上側から下側へオーキシンが輸送されることにより、オーキシンの偏差分布が誘導さ
れる仮説を提唱した。これらの研究成果により、 1920 年代に提唱された「屈性の原因はオーキシンの
横輸送によるオーキシン偏差分布に起因するjとする Colodny-Went 説の分子レベルで、の理解が可
能となったo したがって、本研究成果の植物生理学における意義は極めて大きい。
以上の優れた研究成果は、渡遁千秋が自立して研究活動を行うに必要な高度の研究能力と学識
を有することを示している。したがって、渡遁千秋提出の論文を、博士(生命科学)の博士論文として
合格と認める。
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